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The Idea

Separation technologies employing solid
sorbents such as ion exchange resin, activated
carbon and molecular sieves accomplish useful
separations in a number of industrial, analytical and
environmental applications. Unfortunately, for
many years the full potential of sorption-type sepa-
ration systems could not be realized due
to the lack of a truly continuous process.
A clear need existed for a
continuous process sorption system
where process assessments and
syntheses could be carried out in the
same manner as solvent extraction,
distillation or other established
separation approaches.

Under a program sponsored by Florida Progress
Corporation, development began in the mid-1980’s
for a truly continuous ion exchange technology. Out
of that development, the ISEP® (Ionic SEParation)
Contactor was developed. Processes were devel-
oped utilizing the [SEP® unit as the cornerstone
component.

AST has received several equipment
patents related to the mechanical aspects
of the ISEP® system, as well as process
patents. AST continues to
identify existing and emerging process
applications where continuous
separation systems can help the user

achieve a more economical separation.

Technology Benefits

For any adsorption/desorption application, the Continuous Separator has the flexibility to achieve the following:

o Substantial reduction in sorbent inventory -
Reductions of 30% to 90% are possible as
compared to conventional fixed bed or pulsed

bed systems.

@ Reduced regenerate (eluant) and water
usage - Eluant-to-resin volume ratios of less
than one are achieved due to counter-current
flow.

e High product concentration - Low eluant
and water usage translate into less dilution.

o High recovery - Use of counter-current
“flows and recycling can provide essentially
complete recovery.

¢ Steady state/continuous operation - There is no
interruption of feed or regenerant stream flows and

effluent streams are consistent in composition.

e Simple operation & control - No complex
valve nests are used. Only two moving parts in
entire system (distributor and turntable) with a

rotation rate of 0.1 to 1 revolution per hour.

® Flexibility - The system allows for a number
of user functions to be simultaneously achieved
within a dynamic process stream under

continuous operating conditions.

e Capital and operating costs reduction - Overall
capital cost reductions of 30% to 50%, and
operating cost reductions of 40% to 50% as
compared to conventional fixed bed or pulsed

bed systems.

® Good tolerance for suspended solids -
Processes with high suspended solids can be
entertained with more frequent backwash intervals.




Continuous Separator Technology

At the heart of the system is a single, multi-port,
rotating distributor containing 12, 20 or 30 inlet and
outlet ports. The distributor rotates at a specified
rate using only one moving part. The stationary
portion of the distributor manages and directs all
incoming and out-going fluid streams into the
appropriate zones and ports of the rotating portion
of the distributor.

The rotating portion of the distributor draws
process fluid streams from the stationary component
and feeds the cells containing sorbent media. The
media can be ion exchange resins, silica gels,
activated carbon, molecular sieves, etc. The cells
are mounted on a turntable that rotates along with
the distributor.

During a 360 degree rotation, each resin cell
is subjected to an entire sorption cycle. This cycle
usually consists of adsorption, regeneration or
elution, and one or two rinse steps. Additional
steps may be provided depending on the process
complexity.

The use of short beds allows for maximum resin
utilization. None of the resin sits idle in the cells
regardless of resin state - exhausted or regenerated.
This feature results in a much lower resin inventory

than would be the case for a conventional ion

exchange system. Counter-current regeneration and
countercurrent rinse water flow, along with low
resin volume, combine to reduce the amount of
chemicals and diluent required to regenerate and
clean the resin.

' Process Stream
 feed (inlet)

Process Stream
outlet of distributor

Stationary —

Rotating —

Process Stream
from outlet of cells

uipment
Specificattions And Capacities

Port Sizes.......................... 1/8 inch to 4 inches
3mm to 100mm
Number of Ports.............. 12 to 30
Flow Rates...................... 5 ml/min to
1,200 m’/hr

Operating Pressure.......... 100 psi/6.9 bar max.
Mini-CSEP® to 500
psi/34.5 bar

Operating ................... 35°F to 230°F
Temperature 2°C to 110°C
Resin Volume ................. I liter to 300m*

Materials of Construction - Wetted parts of the
distributor generally consist of two materials - an
alloy head and a polymer head. Options include, but
are not limited to:

* Stationary Head - Polypropylene,
polyethylene, PVDF and PTFE

* Rotating Head - 316SS, Alloy 20, PEEK
and Hastelloy C

* Cells - Resin chambers can be constructed from
a variety of materials to suit the application.

The chambers contain top and bottom retention
screens to allow upflow and downflow in any of
the zones.




Typical ISEP Process

PROCESS
DESCRIPTION
NITRATE REMOVAL PLANT

Raw water will be divided into
two flows, a by-pass flow and a
treated flow, with the blend ratio
based on an individual plant water
analysis. The flow to be treated is
passed through an ISEP System
where nitrates will be removed to
below 1 ppm as nitrogen.

Water In
{all blue cylinders)

NOz Water Out

Rinse Water In

Rinse Water Out
Raw Water §00,000 GPD
1 Million GPD
NOg = 15 ppm Feed Optional Scitener

Frac. Pass

COLOR CODE

I NO5, Adsorption Zone (1-14)

W Rinse Zone (15-16)

1 Regeneration Zone (17-20)

4,000 GPD Waste

500,000 GPD

Treated Water
996,000 GPD

496,000 GPD

NOs <8
3 < 8 pem Blend

ADSORPTION ZONE
The adsorption zone has 14 ports in
parallel for single pass flow where
the nitrate will be removed. Since
the rotation of the ISEP valve is
from the right to the left on the
diagram, cells 1-3 will become
increasingly loaded with nitrate. To
prevent any possibility of leakage
of NO:s, the treated water from cells
1-3 is passed through two freshly
regenerated ports 13 and 14. This

is a safeguard against nitrate dump-
ing as can occur in conventional
fixed bed units.

STRIP WASH ZONE

A small amount of pre-softened
feed-water is used to strip wash
cells 15 and 16 after which it will
be used to dilute the 24% brine
solution used for regeneration. This
two-pass countercurrent configura-
tion is most effective in preventing
salt from regeneration being

Rotation

transferred into the product water.
The softening process prevents the
possibility of calcium sulfate
precipitating in the resin bed.
REGENERATION ZONE
The combination brine and strip
wash (8% NaCl) is directed through
cells 17-20 for true countercurrent
regeneration for maximum
regeneration efficiency and solids
removal from the resin bed.

Modes of Operation

The Continuous Separator offers a variety of operating techniques. These techniques are defined as modes of

operation within each functional zone.

¢ Parallel Flow- Ports are manifolded

together for single contact. Useful for

longer than a single cell height. Also used
in stripping or regeneration to maximize

effluent concentrations.

high flow rates, high mass transfer rates

and lower recovery requirements.
® Parallel Flow w/Upflow - Important in
applications with high suspended solids.
® Series Flow - Employs multiple lengths
of cells when mass transfer zone is

® 2_-Pass Series Flow - Combination of

parallel and series flow. Used for large
volumes requiring complete removal.

® Recirculating Flow - Used in stripping
when fast fluid velocity is needed.



Advanced
Separaton
"Technologies, Inc.

Advanced Separation Technologies, Inc. (AST)
is a leading worldwide supplier of continuous
process purification and separation equipment to
industry. Located in Lakeland, Florida, AST was
imcorporated in January, 1986.

The mission of AST is to market a unique and
cost effective process technology that can be applied
to the purification/separation of fluid streams on an
industrial scale.

AST
Capabilities

AST maintains 35,000 square feet of

corporate office space and facilities in Lakeland,
Florida. Available services include...

® Full process engineering design support to
match customer applications to the
continuous separator.

® Pilot testing at the AST headquarters location
or at the customer site for performance
evaluation.

@ Analytical laboratory for bench, scale-up
and pilot support.

® Project management for full turnkey support
that includes installation, startup and

operational assistance.

TECHNICAL SERVICE CENTERS

BR%SSELS,
BELGIUM\E TORYO
: SEOUL ¢

KOREA IAPAN

TEL AVIV
ISRAEL BEHING

SANDTON
S. AFRICA

Applicatons
Biotech/Pharmaceutical Industry
® Antibiotic Purification
® Vitamin Recovery
® Optical Isomer Fractionation

Fermentation

® Purification of Broth

® Decolorizing Solutions
® Cation Removal

® Softening

Food Processing Industry
® Fructose Enrichment

® Impurities Removal

® Decolorization Processes

® Deashing

® Protein Fractionations

Hydrometallurgy Industry

® Selective Metals Separation

@ Strategic Metals Recovery

e Metals Concentration from Leach Liquors

Inorganic Chemicals Industry
® Potassium Salts

® Advanced Fertilizer Production
® Brine Purification

® High-Purity Chemical Salts

® Acid Decolorization

Organic Chemicals Industry
® Petrochemicals Production

® Decolorization Processes

® Water Purification

® P-Xylene Purification

Pulp and Paper Industry

¢ Effluent Decolorization
Sugar Industry

® Decolorizing

® Deashing

® Cation Removal

® Purification of Syrups

¢ Jon Exclusion

Wastewater Industry

® Municipal

® Industrial

Water Treatment Industry

® Desalination - Pretreatment

® Demineralization - Ion Removal




CONTINUOUS TON
EXCHANGE
SEPARATIONS

Advanced Separation Technologies has developed and
commercialized an ISEP® Continuous Separator to perform
ideal ion exchange separations using counter-current
processing. The ISEP® Continuous Separator system fea-
tures a turntable containing 12, 20 or 30 resin chambers.
The turntable rotates at a constant speed and moves the
resin chambers with it, as they cycle continuously
through the various separation phases. The [SEP* system
directs the fluids through the resin chambers and delivers
product continuously.

Conventional Ion Exchange fixed-bed adsorption

ISEP ILLUSTRATION

Feed
(all blue cylinders)

Product

Rinse Water In

Rinse Water QOut Regen Out

SYSTEM

systems are usually employed in processes that require
the removal of dilute concentrations of chemical species.
The low concentrations permit beds of practical size to
remain in service for relatively long periods of time,
typically 4 to 24 hours. The major disadvantages of
fixed-bed sorption systems are the inefficient
utilization of sorbent, their high volume consumption
of chemicals and their limited applicability due to
the constraint of low-feed concentration.

The ISEP® Continuous Separator provides a
new dimension in design flexibility that addresses
some of the more serious disadvantages of fixed-bed

industrial separators.

ISEP DESIGN FEATURES

® CONFIGURATION FLEXIBILITY

® REDUCED RESIN INVENTORY

® SIMPLIFIED CONTROL PHILOSOPHY

® REDUCED REGENERATION CHEMICALS
® STEADY STATE OPERATION




DESIGN FEATURES

CONFIGURATION FLEXIBILITY - The ISEP® system
allows for a number of unit functions to be simultaneously achieved
within a dynamic process stream under continuous operating condi-
tions. Complex processes requiring multiple eluent and regeneration
streams are easily accomplished with the ISEP® system.

REDUCED RESIN INVENTORY - Sorbent inventory reduc-
tions of 30 to 90% are possible due to minimization of idle resin.
The use of short resin beds allows for maximum resin utilization.
None of the resin sits idle in the cells either in its exhausted or
regenerated state.

SIMPLIFIED CONTROL PHILOSOPHY - The ISEP®
eliminates all complex sequencing of high maintenance on/oft
valves. This feature reduces the maintenance and makes the system
easy-to-operate.

REDUCED REGENERATION CHEMICALS -
Regenerant/resin volume ratios of less than one are achieved due to
counter-current flow through short sorbent beds leading to higher
used regenerant concentrations and smaller effluent volumes.
Counter-current regenerant and rinse water flows with low-volume
resin cells combine to reduce the amount of chemicals and dilution
required to regenerate and clean the resin.

STEADY STATE OPERATION - There is no interruption of
feed or regenerant stream flows, and effluent streams are consistent
in composition.

CONTINUOUS ION-EXCHANGE EXAMPLE - WITH PARALLEL AND SERIES FEED

REGENERANT

RINSE (WATER)
FEED (CONTAINING X)
ADSORPTION WASH (WATER)

REGENERANT + X

st
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PRODUCT (X-FREE)
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i : ENTRAINVENT REGENERATION
: ADSORPTION REJECTION: : ZONE :
{ WASHZONE : ZONE : : H
' L FEED ZONE N -

- > ! RINSE :

: ZONE :

1. ADSORPTION WASH ZONE - Wash water is injected
into three resin beds in series to recover feed and product and is
combined with outlet of first pass and fed to second pass.

2. FEED ZONE - Feed containing product and ion to be
removed feeds 10 ion exchange beds in parallel followed by a
second pass through 10 additional beds. This arrangement
allows high flow rates with extended contact time counter-
current, double pass provides high product quality.

3. ENTRAINMENT REJECTION ZONE - Product is
collected after second pass minus undesirable ion. A portion of
the product is fed into entrainment rejection zone to displace
rinse water and reduce dilution.

4. RINSE ZONE - Rinse water is injected to rinse chemical
regenerant from resin. Two resin beds in series are used in
this zone.

5. REGENERATION ZONE - Chemical regenerant is fed
into three resin beds in series. This allows maximum chemical
utilization and excellent resin regeneration.

ADVANCED SEPARATION TECHNOLOGIES INC.
5315 GrREAT OAK DRIVE, LAKELAND, FLORIDA 33815

PHONE: 941-687-4460 Fax: 941-687-9362
E-Man.: AST@advsep.com







Who
Recommends
ION EXx e...
The EPA

“The ion exchange process is generally more suitable

as a well site treatment for NO, removal than R.O. or a combi-
nation of the two. lon exchange requires lower capital cost and
arinual operating costs, has greater reliability, uses less energy,
requires no additional well site storage, has higher water recov-
ery, produces more concentrated waste brine and requires
fewer automatic and electric controls. It can be operated

on demand as required. Such on/off operation is more

detrimental to an R.O. system which operates

best on continuous basis.”

EPA-600/52-82-042

Eliminate Your

Nitrate Problems

With The
ISEP Continuous lon
Exchange System

Your most efficient and
cost effective method
of ion exchange for
Nitrate removal.
* Up to 90% less waste
e Low capital and

O&M costs
o Simplicity of operation
+ Highly efficient

and reliable

e Maximum NO: removal

A Truly Continuous lon Exchange System

The ISEP Contactor utilizes a number of ion exchange
beds (usually 30) which are mounted on a slowly
rotating carousel. The rotation of the carousel moves
the beds slowly through the required sequence of
operations which normally includes adsorption, back-
wash, regeneration and rinse. These operations are
going on simultaneously as the carousel rotates. The
different fluids are distributed through an upper and
lower valve with 20 ports allowing for either concur-

rent or countercurrent flow through the resin beds

e

===pp

saeas

reev e

depending on the requirement.

This arrangement allows for each of the 20 ports to
have one or more cells as an outlet so that flow is

always continuous.

Rotation is provided by a fractional horsepower motor
with low energy consumption. Essentially, there is only
one moving part to the ISEP which typically turns 2-6
times a day. Valves are limited to 5 or 6, unlike fixed

bed systems requiring 30 or more valves.
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ACTUAL COMPARISON WITH OTHER NITRATE REMOVAL METHODRS

$BER CTRER FOM REVERSBE
EXCHANGE THEMOBIS

4

Waste Genersad/vr 474,500 Bal &,000,000 GAL 52,700,000 GAL

Resin Volums A0 FTS 206 FI3 NfA

Chemicg Usage/vr $25,000 $27-33,508 £3,800

Canhal Costa ' $£1.456% $1.4M $4.54

ISER design foy 4.55 MGPD

Exeelient Gond Repsres Fastory

Senvice
M, Loabkags in Treater Water (M} <1 mg/l 12 mgsl F3mgA

Opgrator Safely : Expedtent Sxocatent Prpcantions Reguired

N

Results based on @ midwest oty pumiping 1 MEPD and NQ, lovals of 15 ppim (N1
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Continuous lon Exchange Rejps Smaller Towns Meel Niteals Level Waler Standards

amoving mitrates fron potable
water sepplics can be g chat
fengs hoe:h for large and small
ComanEE Bogderal safs Water
witate r&gu}atmm ke o disting
$3o8 IMEWEe 4. Consnunly’s sing
and By oability o pay the gost of
compliance.
A& continuous ion exchange separs
oy Fas adfered nosatisiactony sobition
for fve. rorgd water sillies over 2
thees vear span. The utilities are
Poowns, Kans., Clear o lake and
Flsworthy, Minn Lake Mowerm ¥
g, Campo, CaBE; and Plover, Wis.
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i mitrats content in public water
o 10 ppmn. A Contlmenus ion
sxchange system from Advinced
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proven #owill do the job effictently
andd cost dfoctively.
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stationary portas The  columgs
seguentiaily sy the water 10
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Though i
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This proved more efficiory than
separting the entire watge steeant,
so dong as oltrate bedds  sevey
exceedesd  sccgprable o content,
Blending was 3 standand prastor.
The EBliswuorth  gulity provesses
5,000 wpd. M Cogtent feom
fesd water was 20 ppm. The I8EP sys-
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